Integrated regimens were conducted at Kafre-Hakim village to evaluate the efficacy of different agents in controlling root-knot nematode Meloidogyne incognita and root rot disease infecting eggplant cv. Baladi and their effects on yield production. The treatments used were either single or combined treatments of (1) fungal filtrate of Trichoderma harzianum; (2) Bacillus thuringiensis; (3) NPK, inorganic fertilizer; (4) Oxamyl, a chemical nematicide; and (5) chicken manure. The present study emphasized that all treatments exhibited variable potential activities against the rootknot nematode and root rot disease incidence and improved eggplant production. The most nematode and root rot bio suppressive agent was chicken manure single treatment. Although NPK alone showed remarkable increase in eggplant yield, the data generally showed that other combined treatments gave better results in improving yield production than single treatments. Integration of chicken manure with NPK, T. harzianum or B. thuringiensis to improve the disease-control efficacy and crop yield was more economically as well as environmentally acceptable.
Background
In Egypt, eggplant (Solanum melongena L.), an important solanaceous vegetable crop, is known to be extremely susceptible to root-knot nematode infection (Abd-El gawad 2014). This can make the crop more susceptible to other wilt diseases such as bacterial wilt and fusarium wilt (Tharshani and Sivapalan 2009) . Eggplant is affected by several diseases, which do not let the plants grow and yield to a best of genetic potential. Among various pathogens, fungi constitute an important group as they inflict damage to crop plant caused by Phytophthora spp., Macrophomina phaseolina, Fusarium spp., Pythium spp., Rhizoctonia spp., and Sclerotium rolfsii. Symptoms were dark greenish, water-soaked spots which often girdle the stem, causing plants to wilt and die. Foliage leaf spots are often water-soaked and irregularly shaped, later becoming light brown. Fruits show similar spots; often, they enlarge to cover the entire fruit, which later dries and become mummified (Agrios 2000) .
The use of chemical nematicides and/ or fungicides is one of the primary means of plant protection. However, their negative effects on environment and human health led to restricted use of most of them. Therefore, environment-friendly management tactics have been developed for controlling plant parasitic nematodes and soilborne diseases (Noling and Becker 1994 and Oka 2010) . Biological seed-coating and bio-priming seed treatments are gaining importance in the management of many plant pathogens as another alternative to chemical fungicides (Conway et al. 2001) . Coating seeds of many crops with bio control agents such as Trichoderma spp., Bacillus subtilis, and Psedomonas fluorescens was the most effective treatments for controlling seed and root rot pathogens (El-Mohamedy and El-Baky 2008) .
The use of organic soil amendment is a traditional cultural practice to improve soil fertility and structure. Many research articles has really confirmed the efficacy of organic manure in the management of soil pathogens including root-knot nematode associated with improvement of plant growth and crop yield (El-Sherief et al. 2010 , Abolusoro et al. 2012 .
Another alternative tactic to chemical nematicides is the use of micro-organisms and their metabolites. Trichoderma is a genus of fast growing fungi widely distributed in soil. Trichoderma harzianum have been described as a promising biocontrol agent against Meloidogyne spp. (Selim et al. 2014) and reducing both fusarium wilt and nematode infection (Haggag and Amin 2001) .
Moreover, numerous Bacillus species and strains especially Bacillus subtilus and Bacillus thuringiensis (Bt) have shown to suppress root-knot nematode and enhance plant growth. The later (Bt) is a beneficial bacterium which produce large crystal proteins which are toxic to nematodes (Wei et al. 2003) . Many studies confirmed the toxicity of Bt against plant pathogenic nematodes and significant increase in yield production (Ravari and Moghaddam 2015 and Elkelany 2016) .
The research approach of using inorganic fertilizer NPK (containing nitrogen, phosphorus, and potassium) to control phytonematodes and maximize the crop yield has been reported by many authors (e.g. Abolusoro et al. 2012 Osman et al. 2015 .
The objectives of the present work are to evaluate the integrated management of M. incognita and root rot disease infecting eggplant by application of single or combined preparations of T. harzianum, Bt, NPK, chicken manure and oxamyl, a standard chemical nematicide, in addition to studying their effects on the growth and yield of eggplant under field conditions.
Materials and methods
This field experiment was conducted during October 2015-January 2016 at kafre -Hakim village Giza Governorate Egypt. The experiment area was divided into plots each containing rows of 6 m long and 50 cm apart, and the distance between each plant was 50 cm. The experiment was set up in completely randomized block design with ten treatments and 60 replicates (plants) for each treatment. Concentration, method and time of application are shown in Table 1 .
Initial population densities of M. incognita were determined prior to planting time from 250-g subsamples of well-mixed soil from each row according to Barker (1985) . After 4 months, at harvest time, eggplants were harvested for yield estimation. Final nematode soil populations were extracted (Barker 1985) . The final nematode population densities of M. incognita juveniles in soil were determined and expressed as number/250-g soil. Data were subjected to analyses of variance, and means were compared according to Duncan (1951) . Percentage nematode reduction in soil was determined according to Henderson and Tilton formula (Puntener 1981) as follows:
where PTA = population in the treated plot after application, PTB = population in the treated plot before application, PCB = population in the check plot before application and PCA = population in the check plot after application.
Bacillus thuringiensis Bt. (strain code K.) used in this study was obtained from Microbial Genetics Department, National Research Center, Giza, Egypt. Lauria Bartani (L B) medium (Davis et al. 1980 ) was used for bacterial culture.
Cultures of T. harzianum on liquid media, potato dextrose Broth (PDA), were brought by the authors from the Laboratory of Plant Pathology Department, National Research Center, Giza, Egypt.
Chicken manure was subjected to chemical analysis (Table 4) in the Department of Soil Sciences, NRC, Giza, Egypt, according to Chapman and Pratt (1961) and Jackson (1973) . The pH value of the examined soil using a glass electrode pH-meter (Jackson 1973 ) averaged 7.4.
Results and discussion
Effect of the different treatments on nematode population Data presented in Table 2 revealed that all treatments resulted in variable significant decreases in M. incognita population in soil, root galls and egg masses compared to the untreated control. Moreover, the yield of the crop was improved in all treatments. The percentage reduction in M. incognita, second stage juveniles (J 2 ), in the soil was decreased by 81.2, 76.5, 70.1, 64.4, and 61.6% with single treatments of chicken manure, Oxamyl, T. harzianum, NPK, and Bt respectively as compared with untreated control. Oxamyl single treatment resulted in the greatest percentage reduction 78.7 and 71.2% in M. incognita egg masses and root galls respectively as compared to untreated control. However, Bt single treatment exhibited the lowest percentage reduction 54.9%, and 35.2% in nematode egg masses and root galls respectively as compared to untreated control.
In case of combined treatment of chicken manure + either Bt or T. harzianum, data revealed a higher decrease in root galls and egg masses than each of single treatment. Application of chicken manure + T. harzianum resulted in the greatest percentage reduction 68.3 and 77.2% in M. incognita root galls and egg masses respectively compared to T. harzianum single treatment.
However, the combined treatment of chicken manure + the nematicide oxamyl was less effective than oxamyl single treatment. The percentage reduction were 54.3, 60.1, and 70.1% for nematode juveniles in the soil, root galls and egg masses respectively compared to oxamyl single treatment.
Root rot incidence of eggplant in response to different soil treatments
Recorded data in Table 3 reveals that application of either single or combined treatments with oxamyl or chicken manure resulted in 100% reduction in root rot disease infection and severity compared to untreated control. T. harzianum single treatment suppressed root rot disease infection by 75% and disease severity by 86.7% compared to untreated control. While the combined treatment of chicken manure + T. harzianum resulted in reduction percentages of both disease infection and severity by 100% compared to T. harzianum alone. The same trend was found in the case of the combined treatment with chicken manure + NPK which increased percentage reduction by 50 and 83.2% for disease infection and severity respectively compared to NPK single treatment.
Also, data presented in Table 3 shows that the oxamyl single treatment resulted in the greatest percentage reduction 95% in total fungi counts compared with untreated control. Followed by T. harzianum alone or plus chicken manure by 92% reduction for each of them. The least percentage reduction, 43.2%, in total counts was observed in Bt single treatment; however, the combined treatment with chicken manure increased the reduction to 74.2% in total counts.
Effect of different treatments on eggplant production
All treatments showed significant increases in eggplant yield compared to the control. NPK alone produced the highest eggplant yield 93.0% as compared to control, (Table 2) . T. harzianum single treatment exhibited the lowest percentage increase of 13%, while the combined treatment of chicken manure + T. harzianum resulted in 48.8% increase in eggplant yield. The percentage increase in eggplant production was increased by 69.1%, and 60.6% by using combined treatment of chicken manure + Bt and chicken manure + oxamyl respectively as compared with untreated control (Table 2 ). The present study emphasized that all treatments exhibited variable potential activities against the root-knot nematode and root rot disease incidence and improved yield production. The most nematode and root rot bio suppressive treatment was chicken manure single treatment. Moreover, data in Tables 2 and 3 clearly showed that the combined treatments gave better results in improving yield production than the single treatments.
The present results are in parallel with the findings of EL-Sherif and Ismail (2010) in their studies on the integrated management of M. incognita infecting sunflower using Trichoderma harzianum, Marigold powder, cow manure, and Bacillus thurigiensis singly or combined with oxamyl. They revealed that the concomitant applications obviously showed better results in nematode control than single treatments.
Organic amendments stimulate the multiplication of micro-organisms like fungi and bacteria. Some of these micro-organisms are parasites of nematodes. This will bring about biological suppression of parasitic nematodes in soil, hence promoting growth and development of the plants (Summers 2011) .
The present results could be explained according to the C/N ratios of organic manure. Nitrogenous compounds, mainly ammonia (NH3), are generated from organic materials with low C/N ratios in the soil. The most popular and practical of these amendments is animal manure (Oka et al. 2007 ). Our results presented in Table 4 indicated that C/N ratio of the chicken manure used in this study was (18.8: 1). Miller and Donahue (1990) reported that organic residues with C:N ratio of 20:1 has sufficient nitrogen to supply the plant growth. These findings may explain the high nematicidal activity of chicken manure in this study. Improving of plant growth of eggplant may be attributed to nematode reduction and to improving soil nutrients (Akhtar and Mahmood 1997) . Ammonia is generated from organic materials being decomposed by soil micro-organisms and is known to play an important role in the suppression of plant parasitic nematodes and fungi (Tenuta and Lazarovits 2002) . The biocidal role of ammonia is not clear, but several mechanisms are thought to be involved. Among these is exhaustion of the chemical energy of cells of pathogenic organisms by removing cytosolic ammonia against a concentration gradient (Britto et al. 2001) .
Application of organic amendments with low C/N ratios is also effective in acidic soils for the control of soilborne diseases and nematodes. However, the suppressions are achieved more slowly in acidic soil than in natural to alkaline soils. The pH of the soil of the experimental field of this study was 7.4 (slightly alkaline). As already noted, the ammonia released from amendments is oxidized to nitrite in the first stage of nitrification. In acidic environment, the nitrification process is not as rapid as in alkaline Each value represents mean of five replicates. Means followed by the same letter(s) within a column is not significantly (P value 0.05) different according to Duncan's multiple range test % Red. Reduction O. M organic matter, C organic carbon, N nitrogen, P phosphorus, K potassium, C: N ratio of chicken manure environments, and nitrite occasionally accumulates in the soil. Nitrite in the soil water phase is in equilibrium with nitrous acid {HNO 2 }, the non-ionized form of nitrite, and nitrous acid is known to be highly toxic to fungi and nematodes (Tenuta and Lazarovits 2002) . The present results indicated slight decrease in nematicidal efficiency in the combined treatment of chicken manure + oxamyl compared to oxamyl single treatment. It is well known that organic matter may absorb the toxic molecules of the nematicide during its degradation which may preclude its action against nematode (Noling 2009 ).
The inorganic fertilizer NPK single or combined treatments were effective in controlling M. incognita and improving eggplant yield. An outstanding increase in eggplant yield was obviously in NPK single and combined with chicken manure treatments. Concerning NPK single treatment, our results are in harmony with the findings of Abolusoro et al. (2012) who found significant reduction in the root-knot nematode Meloidogyne incognita infecting Ethiopian eggplant (Solanum aethiopicum) and increasing plant growth parameters by application of inorganic fertilizer NPK. Similar results were reported by Osman et al. (2015) . They observed significant reduction in M. incognita infecting tomato plants as well as improving the crop yield by application of NPK under field conditions. The ameliorated growth criteria of treated eggplant suggested that nitrogen present in the fertilizer when absorbed by the plant were utilized in protein synthesis and seed production, while potassium is involved in many metabolic cellular functions through phosphorylation and water balance. There are many hypothetical mechanisms by which NPK affect nematode. Olwe (2012) suggests that the fertilizer (NPK) or its component(s) have stimulatory effect on the plant leading to an enhancement of growth. The dual effect of NPK in improving plant growth and suppressing nematode population is documented by Akhter and Mahmood (1996) .
The present results indicated the positive effect of T. harzianum in controlling root-knot nematode M. incognita, root rot disease, and mild increase in yield production. These findings are in harmony with Haggag and Amin (2001) , who tested the effects of Trichoderma harzianum on the root rot fungus Fusarium solani and root-knot nematode Meloidogyne javanica on sunflower. They reported a highly significant reduction in Fusarium wilt and nematode infection, as well as an increase in plant growth of sunflower in the Trichoderma-treated plants. They attributed their finding to the suppressive effects of cell wall-degrading enzymes produced by Trichoderma species. These enzymes cause degradation of chitin of fungal cell walls. Also, plant parasitic nematode eggs have thick chitin layer. Trichoderma groups produce nematicidal or nematostatic compounds, a situation which may illustrate the effects of T. harzianum filtrate in improving plant growth parameters and suppressing root-knot nematode M. incognita infecting eggplant. Yedida et al. (2000) reported that inoculation of cucumber roots with T. harzianum (T-203) induced an array of pathogenic related proteins, including a number of hydrolytic enzymes.
Trichoderma strains exert biocontrol against fungal pathogens by competing for nutrients and space or promoting plant growth and plant defense mechanisms and antibiosis. Prasad and Kumar (2011) reported that Trichoderma spp. produced non-volatile antifungal antibiotic. Selim et al. (2014) showed that T. harzianum isolate (T10) induced systemic resistance to tomato plants against the root-knot nematode, M. javanica, by increasing the accumulation of special different antagonistic compounds that affect nematode invasion.
Concerning Bt application, the present results obviously indicated its efficiency in controlling M. incognita infecting eggplant, root rot diseases, without adverse effects on yield production in both single and combined treatments. Others have shown that the spore/crystal proteins of Bt strains can produce a number of toxins with different structure and mode of action against Meloidogyne incognita (Mohammed et al. 2008 ). Moreover, a Bacillus thuringiensis Cry 14 toxin has been found to be effective against root-knot nematode M. javanica (Ravari and Moghaddam 2015) . More supportive evidence to the nematicidal efficiency of Bt observed in the present study has been reported by Elkelany (2016) who investigated the efficacy of Bt thuringiensis cell suspension against M. javanica infecting eggplant under greenhouse conditions. He found significant nematicidal activity of bacterial suspension applied as soil drench together with improvement in eggplant growth parameters. The author refers to the potentiality of bacterial suspension to production of antimicrobial compounds and cuticle-degrading protease enzymes.
Conclusions
The results of the present work revealed that both the chemical nematicide and chicken manure produced significant reduction in nematode reproductive parameters as well as root rot disease. Moreover, the combined treatment of chicken manure plus the bio agent T. harzianum significantly decreased nematode root galls, egg masses and root rot incidence (disease infection, severity and total counts) accompanied by improvement in eggplant yield. Application of NPK showed remarkable increase in eggplant yield; however the lowest percentage increase in eggplant yield was shown in T. harzianum treatment; in addition, all the combined treatments significantly improved yield production.
The present work recommends the integration of chicken manure with NPK, Trichoderma harzianum or Bacillus thuringiensis, to improve the control efficacy and to increase the yield to more economically and environmentally acceptable level.
